The diagnostic performance of automatic analysis of the exercise electrocardiogram in detecting ischaemic heart disease was studied in 147 
The diagnostic performance of automatic analysis of the exercise electrocardiogram in detecting ischaemic heart disease was studied in 147 patients with angiographically documented coronary disease. The results were compared with the results of visual analysis of the same recordings. Using a bicycle ergometer we tried to reach at least 90 per cent of the predicted maximal heart rate of the patient. Two bipolar thoracic leads (CM5, CC5) were used. In the visual analysis the criterion of the so-called ischaemic STsegment was applied. For the automatic analysis the population was dizided into a learning group (N= 87) and a testing group (N= 60) . In the learning group first critical values were computed for different ST measurements that provided optimal separation between patients with (CAG. POS.) and without (CAG. NEG.) significant coronary stenoses as revealed by coronary arteriography. These critical values were kept unchanged when applied to the testing group. With respect to the visual method an increase of the sensitivity by 0 45 and 0-36 was obtained by the automatic analysis in the learning and testing group, respectively. The best separation between CAG. POS. and CAG. NEG. group was reached using a criterion consisting of a linear combination of the slope of the initial part of the ST segment and the ST depression; the sensitivity being 0 70 and 0 60, respectively, in the learning and testing group. Using a criterion based on the area between the baseline and the ST segment (the SX integral) these values were 042 and 049, respectively. All specificities were kept to at least 0 90.
Exercise electrocardiography plays an important role in the detection and assessment of ischaemic heart disease. It is a simple method for identifying coronary insufficiency especially in those patients in whom the history is atypical (Bartel et al., 1974) . Furthermore because of its reproducibility, the test is frequently applied in the assessment of therapeutic and surgical treatment; the test also appears to have prognostic value (Ellestad and Wan, 1975) . However, even if submaximal to maximal stress testing is used, some subjects fail to show electrocardiographic changes though their coronary arteriograms show significant stenoses (Ascoop et al., 1971) . Various investigators studied new criteria which were introduced to increase the detection rate in patients with coronary disease. At the same time, however, the number of false positive cases rises because of observer variance (Punsar et al., 1968; McConahay et al., 1970) . Measurements are performed more consistently by computer analysis (Sheffield et al., 1969; Ascopp et al., 1974; Yanowitz et al., 1974) . It was the purpose of this Received for publication 23 June 1976 study to assess various new criteria in exercise electrocardiography. Optimal critical values for these criteria were first derived in a 'learning population'; subsequently the diagnostic value of the criteria thus defined has been verified in a 'testing population'.
The QRS-T wave analysis was performed with the help of a digital computer; the exercise-induced electrocardiographic changes in each patient were compared with the findings from coronary angiography (CAG). Subjects and methods (1) One hundred and forty-seven consecutive patients, all men suspected ofhaving ischaemic heart disease, were studied. The learning population consisted of 87 (Ascoop et al., 1971 This was computed as the surface area between baseline and the negative part of the ST segment from junction to point X, the first intersection between baseline and ST segment, but in no case further than the end point of the ST segment ( Fig. 1A and B) .
In addition the diagnotsic value of both ST depression and ST slope in combination are analysed: DO with SL 0-80: (DO, SL 0-80) D10 with SL 10-50 (D10, SL 10-50) and D50 with SL 50-70 (D50, SL 50-70) ( Fig. 1 C, D, E ).
(7) The criteria described above were considered to predict the degree of coronary stenoses. The severity of coronary disease was determined independently by selective coronary arteriography according to Sones' technique, with additional craniocaudal projections (Sones and Shirey, 1962; Ludwig and Bruschke, 1973) .
The published work (Bartel et al., 1974) and our own experience (Van Herpen et al., 1970) We considered the separation optimal when a maximal sensitivity was achieved at a specificity of at least 0-9. These critical values of the criteria were subsequently kept unchanged when applied to the testing population.
Results
(1) CORONARY ARTERIOGRAM Among the 87 patients of the learning population, 57 patients belonged to the CAG. POS. group 
ST depressions
In the learning population the best results were obtained if the depression was measured 50ms after the end of the QRS complex (D50) using a critical value of 35 microvolts in lead CC5 (Table  1) . Sensitivities of 0-56 and 0-44 were then attained using leads CC5 and CM5, respectively. In the test population the sensitivity turned out to be 0-67 and 0-49 using leads CC5 and CM5, respectively (Table 2) . ST slope In the learning population the best predictions were obtained by the analysis of the slope of the early part of the ST segment . The critical value for the SL 10-50 in lead CC5 is 180 microvolts per 100 ms and for SL 0-80 220 microvolts per 100 ms. Sensitivities of 0-65 and 0-54 were found for leads CC5 and CM5, respectively. Practically identical (Fig. 2) . These values were 0-32 and 0 90 for the lead CM5. In the testing population the sensitivities were 0'49 using lead CC5 and 0A44 with lead CM5. The specificity was greater than 095 in both leads.
Combinations of measurements Discrimination between CAG. POS. and CAG. NEG. was hereby obtained using a critical value computed through a linear combination of ST slope and ST depression. In the learning population, the best predictions yielded the combination D10, SL 10-50, using as discrimination function SL= 0-75xD+122 for CC5 and SL=0-30xD+165 for CM5. This yielded a sensitivity of 0 70 and 0-60, respectively. In the test population these values were 0-64 and 0-51 (Tables 1 and 2 through the application of heavier work-loads (Mason et al., 1967; Ascoop et al., 1971) . To augment further the sensitivity of the test different criteria have been proposed which represent detailed measurements of various characteristics of the ST-T segment. Application of these criteria or less rigid application of the standard criterion (see methods) often enlarges the number of false positive cases (Roman and Bellet, 1965) .
The waveform of the ischaemic ST segment is determined on one hand by the consecutive ST vectors and on the other hand by the direction and strength of the lead (Burger et al., 1964) . Study of vectorcardiograms during exercise shows that in exercise-induced ischaemia, the endpoints of the ST vectors of the initial part of the repolarisation, shift from left anterior and inferior to right posterior and superior; this shift appeared to be unrelated to the localisation of the coronary stenoses (Ascoop et al., 1974 (Mason et al., 1967) .
By automatic analysis diagnostic results are considerably better than by visual analysis if new criteria based upon ST slope, ST depression, and SX integral are used. The diagnostic accomplishments found here are, however, only applicable in male patients in whom the repolarisation wave at rest (sitting) is normal.
It appeared that 44 (lead CM5) to 49 per cent (lead CC5) of the CAG. POS. patients in our independent testing population could be detected by analysis of the SX integral. The critical value of the SX integral in our material is 8 ,uV.s, which is approximately the same value as Sheffield found in his study (Sheffield et al., 1969 A linear combination of ST slope and ST depression (D10) proves in this study to be the optimal criterion (see Fig. 3 and 4) , yielding sensitivities of 0 70 and 0-64 per cent in learning and testing population, respectively. Good results are also reported by McHenry et al. (1972) , who used measurements of the initial part of the ST segment; however, because of differences in criteria for patient selection comparison with our results is difficult (McHenry, Phillips, and Knoebel, 1972 
